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toft# b®®ii toae mm Vhe th® predaetion &t eth&aol 
iiaeld#ntal# It t« ©biriawa thmt If a laetliod eoml  ^ t»© dwel«ip€Ml 
f&w gtwiag euMt^eratji.® yleMs ®f ©tban®! by tfa® Vo-ervmphXlt^ 
fementatisn ©f swell « pwt-e### wowl# be of 
f&Mm 1© tiKS ®f agfleialtiiral pv&Smet» txk tim pito^vtC" 
tioa of iaiastrtai ^cii®»i©al#» ar« very 
la lan?g® qmatlti©# mm w&8ti»l ftmsiallsr ia 
til®: tmm mf m,% tell®* mum eorn bedt w^lpt and 
siMllar materials* la ttm evmn% @f a ifoortag© ©f petx l^otan it 
i« a@% at mil SjapossiMe tli&t ale®feiil fisia tiiis Bmr&& will b© ©f 
gr^at iiB^portanaee a» a, »ot©r 
fia® ptjirims# of tlita tli«®is is to aa&« a 8|^s%«matio stixd^r 
of tto® p3PO<imoti©m @f mthmml toy the tii®«Kjfplillie fermeatation 
of aei& to ooaditiomi of modHtm 
mM for a variety of ©«ltwr©s* 
mmmmkh ummt 
'Wm of mi ©©ilmloa.® 4at0« Imelc -fc© 
its© ifto#a *l,ts#tot«iFil,efe (%m^} iibs#ry®i that feb# e©li mmsitv&ma 
©f l>©tat®;«a w@F@ €»»%rQ|rea. wbmm feo Pot ia w«t plao»»» 
IiatftF, wm lafS) i*^0rt®t ®n %&« destinietiOB 
#f .S&€.i3l3-ma at tei^eipatispea of %© 
m%'m fli® ©rga.ai*!ia w#f« mlil® t# wittostana a teaperatur© 10O®C* 
f@r of ti»e» C©»«M«i*aW® amovrnts ®f @bl« «rer» 
giir®a ©ff (ftariiag tb@ fe»®atatl©m. S« b«Xie i^(^ Sftclllit© tmslm" 
lit ©tar t© b© til© prlaeifitl a.g©nt ia tto© doatfnjtetlon ©f ©©Halo©© 
ija mtiire# 
0«Bai.i©ii«l;:f llSOt) ptafelistoM » s«Pi®» ©f ©i^lelo© ©n th© 
©f ©©13.ttl©»© at ®Mlmry 1© found 
%m. tfpm @f f®imeia.tatt©ii8» la on© ©a.f%oa di©icide and hydrogttn 
w©r© %lm ,g«i.«©©m« product© awl 1» tsli® ©tlier emrli©Si dioxld© &rs& 
mmtmmm wmm fb© t&m&mt&tMm w®?© v@ry 8i©w and ©ftim 
lasted f&r 
mrmff mm$, Sas«®ii (Ittt) awl jfeaa«r©lJ aaad Sa*%iff 
d@ir®l@p©d a ©f ©btainiiig 3&x*g@ ©f raethaiBt© 
e©m stolka fef fe-rai©atati©ii» fH© »%1© ©f carb©m dioxld© t© 
«©ti»» 1««1 t@ l-lt,. Th&y ©alcalat .^ m t©a ©f 
©©f® stalls womM prodme© fr©Bi t® ©ubi© f©©t ©f 
gmm mM a. eirel© @f & ®11@ x»ad.im« plaat©d -S® per e©nt t© e^rm 
m-Qm 
wmLlA ytmM amffieleat mim t® m'Okpply g&m t© a city of 
8©0#0© p©fiilati«a» ®MSf 'literatw® ®a fersacatftti®!! ®f 
i®»® at t®apei»ataF®8 l«® hmm rmiew^ toy Ile8®tii &ad Seal®# 
ClilS) aai hf ItMol® 
ftr®t mmttm ®i ®«1.3Lm2.®s® S«®oaipe8i%i®ii 
wm J»SF aai (1.^9).* &®il. v®® 
t® » aatrleat •©iwttoa ®®«taiaiug papar- »»d at 
fli® ptf«r w«» de®tr®f®<i tm 1# 'fe® 14 i&ys» aa®iili &» w®li as siai^  
ap®r®« w#TO ta tfe® emltur®# fteey atateiS tMt &®efei# 
fteiSt Imtyfie amidf fiiFfuml w«r® tMt th® «®ti®a 
§0®W0€ t® to® syailil,®ti©« 
{Will &m& mew»w% i%BUQ0 1952) 
tli« r®iatl©a mi thmmmphili® ®®ll«l®s© f©jmentat Iqo t® aigestiim 
ta tb« ipaaimat thmf wmwe atol« t© €«®oji8tr«.tj® tli® 
of e®iisM®i«M@ ©f .glae®®® daring tto» feiMaaeBta-
tlon ®f eeilal®#® in thm ^m^rnm ®# teat a® glue®®® Ha®. 
#e%®®t®fi ^mrtog the ®«r®e ®f «a ®i^ l.naf^ Th®y 
®r« of t&s ®piiail®s that tis® fli®:Wi»pliilie ©ellml®»« ferm®Btei?« 
pl®f ,a» iiB|3#rt«®t paiHfe in tli# Mtilisfttioa ®f edllul®«® ia tla® 
wwimant oi*gsiil«»'» 
IJiouvlo® CiS®3) studied thR e®lltil©®® de«®s^oai»g or^gsanlsnii 
tmmmi. ia'tto® lafe«8tiiiai fl®m ©f aas* m«»@pli41i® l3»®t®ri® 
w®y® fana^ tl»t A®@ia|}©s® 6®lltt2.®«®« S®ir#ral different 
ai®4i« wer® %)mt ®m® e®nt«,i{il,.iig ®r^aBl® ait2*®.g®&» ®odivi» 
elilsria®# ftat €i-p®ta.»st» pJiosffeftt® was e©aei<i«i^  the l»®8t« 
elaiwi t# « pmr© ©iilti*r«, mUteh ali« 
Aiai8#3>v®ii»« tef wsliiag a 
r«r«Bt£ng with sterll® j^ yatslogieal »al%. 
It mil ttoat @rgi.ala0»i ir®r« prmmnt wM© i^. ®®re attseiMHi t© 
til® bf t&alr Ms-sfi'ij^ ralatlag ajosfi.* Bit® eultur® grew 
m&m alQwlf ttoaa iti er«A® ©ttlttire® aoA toad iia ©ptlMayai tea^emtm*® 
x»iig® ®f 3S® it»t Imt w®mi^  w4tli®tftiid @af®0» Jiaii:f ®eim®ti 
*«f# «®t ft%taeke4 tlaia «witU3?®» From on® gran 
o3f tSier® w&m «fetaiii«t O»00l, g» ©f liydrogea# 0»&3^ g* 
©f earto©® dioaEM®, g.* ®f ©th&ool, aM 0«0C^ ©f voiatil® 
a#M»# IKb© aaoaiat ©f e«Hal®«® ws® g«-», s® tii® 
yielt ®f m» 11*4 per mm% &f thm e«llul«ee d®®®s^o®M* 
1fci©i»® l® aoffi# 4«tet «» t® wli«tli®r this cwltar® aay to® ©oii«i4©i*®a 
tt pmw stjpaia a ©®ll!a|.®s® f«2^at®F* 
UtBgw@li mii4 Ms «®*w®i*]k».r» is &igiaM Isftir© 'iliiate ® gx<Neat 
®f w®i% @a til® tta«i*'ai®phiiic feifseatatioa @f eeil«l®»o aiad 
awfeerlai.®# uarti^ larlf witte jrefereo®® to coaimer®!®.! 
«pflic&fei0a»» hyvm Ii®s^®i3. (1013) pP€#enteifil a paper a® & 
fa,rt @f & %jytsiui®iaa ®f tM« A@tl.©n ®f on C®lli2l.«i8i® 
thmy cluim t&at ©rgaaiara- gr®* fr®s 3?® t® 
#8®€## ftiat that tli®'f l»ir« isolated & e«Hn,l®»e f®m®nter 
toy platlog aafi pietelag fi^  a eel®®y« m© optl^ Kim t®iB|>er»txire 
m»s^ 4* r«p©rte€ t@ to® imm t@ iS®e» fli® e«lture# f®rBt®Rte(i 
i»®sl8tftiit e®lluil®a«» ssieft. a® filter jp&per, aulflt® Isalf" stuff, 
aiai iiii®a fl¥«r>. »@dlf:i-®4 resistaiat e®llwl®a® sM®ii a® parelwaot-
paper mmi »r©#pt»s^ filter p&p&r^ hmmMelXulmm, 
atmrehBm^ ami sttgar#* Ale@li©l yi«M# ©f B7 per emt w@rm ©fe-
t«taM fmm imlfit# fttip* S*3 seat fro« filter paper# aM 
1§.»S !««• ®#iit ff^ai Xf3L©«© timm rie® straw* Batyric &6ia.j» lactte • 
aei€# ©arteu, ailixift«^|^ m& ae-feaa© w@r® also produeod* In t}m r". 
ft®* ®f 3mt«r it is witother theas aatb©r« w«re 
m&itmm P*i?® 
ajaft liM :(I9ES) ©la to tbat for tha t'l^ e-rmophllie 
#0il.mi©s« &m€ ftoeapMta ^ presatit in 
tto# an«l tJhat mmmSMm salts smffiea aa a amrm of aitra-
Iteay »®t« tim mtwm^ swseaptitollity ©f tfe© organi«i»8. t# 
ii«.]^er Rise, tMit til© ®3^&iai»3SHS ©aorot fc-sraaaat eellulase in %h© 
presaae® #f llgnia* Wmy elata mat 4<9 galloiia af a mixtmra ®f 
ai§ati# aei<i mm tea ©tetaiaM frow a fcaa of fama»t* 
atsla ffl»t®rial s»©lj mm apaat hapa# 
Irfingipall iWM} atatae tliat a aobil® me i^im ia aeeaasary 
for ttte rapi# #ea#®p@ail»ioi3 of .e#13.u-loaa« flma# whea baat pulp 
ta ©oai-erta^S t© a tislelt raieHagisoaa »as toy atirrlag# fafwaota-
tioa ©#&»©»• la elaiw® als@ tlsa preaeaee of ©alaiiai. earli-
©nata prai'aata tba f®p»€!atati@a fri® ®@lBg to a©a|>i©tioB by 
mmwnrttns tis© pliospJiat© iiife© tJi© insolul;*!© tri«©alei^  phoapnate^ 
aiMl tMt aoAimw earfeomt© or Mearteo-mt© ia wieli b©tt©r for tfe© 
©f %hm aeiia f©j»^» fli©-preaaae© ©f awtalli© 
ir@iit wm» a la© foimS t© li© iiajuriotia* Xfoq ataais ©oil a wer© 
mpt<lly @©rr©d®i, aM f«ra©ntati©B wowM n®t pf^greaa dmriiig 
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I 
wiitlm ffi@a»-»sa©cljarid®a, with tii© ©xe-dji-
ti&n @f ^-r© «#o»ldeMl>l# %i%a%tities ©f thia acid# 
1&©s« tmetst t«M t© <li®fr©w© tto ©f giweos® a« aa 
pf^d'iict In. tii© foiwitls-ii &t aleetiols and acids* 
{its©,I eoBtim.«>d ttoe work ©m the ©«,ltur«-. It wa# 
a^piar®.at toy tliit- ttwi taat tlj« swlter© waa not pure., Althootgh 
several mi isurificatioa. mmm triedt fet^ult <134 not 
edJis.M©i» fimt tm ©btaiued a pun*# euXtur#.* Aaa©r©l>ic plating, 
dHwtio», pa»t«ttf»lsatlda^ «nd 4iiiigle>»c.®ll isolation# wej^  ti>ied.» 
Wmn tia® plating wan eleared ar©aa and eolonies i*»-
BultM.# amt apjparitatlf %hm mllulmm wer© present ia 
the cleared mmm wiill® tis® c@l®ai©» were formed by eontaalmiit## 
'franafei*.s areae m-@r& tmt different tii« 
orlgina.1 eaitures* mmm abseiffsd at lii^ er diltitio.aa tliaa 
clig®stie-a ®f eellttiofite s© this »tth«d hftd tm he atoandau^* A1-. 
tltQm^ 114 .«iagl« ©@lis oaij 4 dsvelopod and mine 
&®llmla»®» f#ti»ult foiauad tbat hl& eultiwes would grew 
is agar ceiiesiatKitloas Mf to i«S per eeut aijd that hli^ ier e©ii» 
emtrfiitioms mm M® d®*€!l@pi«i a raethod ®f p^rifica-
tioB tof rfsj^ eated ttim®r#l>ie glatiag wliserefey at l#»st »®a« of tlie 
eoatasilmats w#f»# ©iiaimted., S© otjftalsied eoaslderable glucoa# 
fi*©» all him pwifled. -ealtm*es| yield# of gliieos® as hX^i as 
0,3t8 g# 1®D ©e# if@r« ©btaiaed witii a 3 i^ p e®nt eellulcise 
laedim* 
.ae@tt, fi*©d#. ma& l»«t«r»#a Cl@'^ 0) ir#port©d en the varioua 
-i4-
emia# aari pwriflsfi eultiap©« 
at B^^Gm l^rtfleatioa &t tb© emltmr® si@©r«ii»©d tlae ;fi0M of 
^tiuayiiet:! fiem f«9 t# #«§ per e«at* . yieM» iffex<« 
greatest tm ta« «i» sesd-fttrtjtiM evilttsyp«Mi* Bltli®r 
&mmm$.im sttlftoat© ©r psftoia® «® naM as a ©oiiree of jait,r9g©ii» 
SarMs,, tre4» aiwl W&tmmn {WM} rmport^ on the e^ntiii-
VkQti® fera®fttati©a tli® witMraml" proc-ass bat leas 
vigoroaa fe.raeotatloa resultM witti 'eaeli »ue©©s@iv« step* 
BnM»mkm »Bsi linlJiiil (19^) »t«#4e4. tli« toaetei'ia fSDiuid la 
mas©^,iAtl.oii witii tkB tlnirrofiiilie ferw©«tiag or^niams* 
!&®y pm^r0& etilt^es i® wMta fey teatijig &Ta& 
a#e0Miag tm tii® laetlio# ®f fetimiiit#. At dlititioiia ©f 
i,-400.,00a,00® Quly 1 tm S f©r e#at ©jf tfate culture# ierm&a&d 
bat »©r© tJmm S© per «®iat e€>jataiii®d, baeteriR ©f s^mi 
teljatt alaowing. ttoat tb« ©aataaijaaats w#r« present in mteh greater 
aamtoera timii w®r© th0 mllulmm t03m&mters* Par tn© purpase# ©f 
i-selatioK# «tltiir#«- w«r© grmm iM 0«3 ter ©©at a^r or liquid 
gr©.^®^ witli st«rilis^4 s&M t# &©«»r0 vmifmw ati&p&asl&mi, 
im. nKlt mw^ tm seed &.^ r 
plmtm*. 'SWQ mww^Msmrn w®r« . isalatM.. ware faeultative 
aisiii®r©te©«, ©lili^ t# tM®rmo- i^l.®»#, <3ima p«»itiTr®, «iMi witliBtood 
feeatlng in b®iltag, witt®r #@r t© Ifflwr#* #i^  ipas eossiderabXy 
lmrg#r %l»n ttae ©th®r* 
CltSSj «tt#wptM tlie is©l«ti@a of a theraiophilie 
feweatiag, organiam* Alt ©rtiaar  ^aetlii^s of isolatiom 
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e®iit ©f ffe® feiwnlsatio.as with 
pur® #«lfcitr« war® »oiWfWti«t »l©w«r %Tmn tlmm in wMcli 
ettltwr®® mmv@ rnsplttyrn^m fhls ealtur® u&% show nearly &« 
wM# mr^tetieus mm did Hie erad® «.«# ®arl«slia»®at ettiture«* M.iJii-'-. 
titr«8 of tfei® ettlti3ir« with tls® by 
mmA liafe&ll w#r® trl#^ imt mnXy prmlimimry expeTlm«sttt%» were iier-
f©rae€« It hm mat 0«e«l.l®afe f«i®eiit«tioas aay b« itsl«i«M 
hf the pr@p©r «txi®g @f ©alt^res# 
Carter (lifPl a.»a W#fteaa «M CS&rtwf eoadticted ©x-» 
peri»eiit» t# fclw© oftlwun pi of tii© ferraeatatioa «f 
e®r» at 631%'th%f ©btain^ mm at • pi value of 
@#,©« tMoir iiaia ofeJ@Gt ms t@ ©Itata &lgfe volatll# a eld :fl#Ms, 
a.»t tte©!' mn-m-®€e^ iu. ©fetainliig .yield# »f» t# 21.*8 j^ er cent of 
the eers «oi^ » adfl®#,-
Strltar CltSlJ ©xperlfflectts oa tia® fermentation of 
b®«t -fiaip with erm&m e«ltiayr-©s at Si® t« ©S^» ai^  obt&ln-M aa 
optlwM at a fi iralm© ©f 9*®| iw^r ««at of ttie be^t pmlp-
wan f#r®eat®A, ®f 41*64 per e®iit wa« eoair©rt«»i to volatile 
asita# 
T@»odife^ (1932, 19S^) reported ©a mm ^Ata. at QB^U* llaliig 
ft t p®»r «®iit filter paper tli® follow tug yields wer« oto-
taiae4 mn th« basis of eallmlns® feraentedt ethaml, lS-17 p«r 
e#»tj ae^tie 31^26 p@r mm%$ Imtyrle acl«, Q*Q p#r centj 
.ls#ti0 a®l<Iji 0»S-1*6 jp«r carfeoaa dioxld®, 18-19 p#r caiitf 
hfiregsa# ©-•B-0.,S par ^eati anft m laetliAtt®*. it -ffas alas feund 
-If-
tl»t ifciie »iif#ra»enfce4 hM 'the mm® i^ h^ESieal aM cheaitcal 
properties as did tiae #figliml 
®i® ilterattti?© ®ii. the f ei»fatatioa is ao eepioisui tl^ t ia 
tb.» pwe«#lag .pages a© attesipt «».» ,i»6® to giw « eemplet© r«-
iriei» ©f the sttbj#et* fmr &n &lnmn% ©o»plet© bibliography ®a tb* 
t-©pi:e tbe re&4e.r Is ret&Tr%& tm tiie articles by Simola (1932). 
It is e¥ii.#at tli&t tb® frevioiis jres^arebes ©a tb© tbemoplillic 
fera«nt«ti©a of imve bee© Goafiaefi alaiost entirely to 
tb® isolatioa ef pure eiiltur^eg t© tlw pro<iuctioii of gas.©8 
&Ed «e«tic aei4« la a few iaetaaces tb® prasiuetioia of etliaiKJl 
I*® b©«a no systaasattc fataatitati^ e w©3?& his,« b@ea re­
peated .0a Ml® ©f optiffltta yields ©f this chemical. 
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dmy. Wa#a a waa m% t© h& m»#d f©r * tl3» 
flask ira.» mppt^ with tiaf®!! »ai placM iij a •mfrigemtop op at 
room In qimmtt^ttve ©JEp©rim®ats, inosula tio»A w®i^  
fp®a a ©tiltap® tw® t® fli^ e day# &M aisd uMleh 
g@«^ '^*fee«tSt8g,* flil» fr®e#iaf«- taattPM a. mpid iuitiatioa of tli® 
fmrmmtrntimmrn 
f&e tJNis ®bta4»# ai?® #l>vSoii»ly »ixtur®&j> aiifi vai*-
l®m« att«ap%# ltow&» »A# ia ©tti©r lafe@imt<0ri©» to effect a 
s#pa.riBtl®» @f til® mrl&ua ©rg«nian»- pj'esest i® ©ultures of thi« 
typ«» flmsm toav« a©t prof#!! ®f vaia© ia the pr&par&tlon 
mi i»irii a©ti.¥« ^Itttre® tl»a tfe® ©Figlml 3Db tfe© r©-
s®&Feli«ai^  »p#:rt®fi m tewaM ameli a a«ptt-
jmttsa w«i  ^a»4«| it waa ^mmtmhle to find rasaiis 
for mlntmlnln  ^ Wm- aixM ©tiltmrea in a satiafaetoi^  <l#gpe6 of 
vig®p aM nitJferra «® ti»t raaulta €miM li© d«pli-
estwii. 
B*# 3®e#ta wejp®. tismll;' u$> ts 3 lit«r qimnti* 
tis«% salts w©i»« iat® & flask aa^ a iittX© 
water to 4ls«®3Ly® th©a« fhe r®<|uir«Kl anount ®f filter 
p&fer was plaeM i® a tw® llt®r to®a4®r m& oa© liter of mt©r 
waa a€d@4» th.« j^ aper »as w©rte©d iaat© a l>f robbing and 
»tm®®s4iig liy Maa«l» a® pmlp was tlMm plae©<l in a larg© fXaak 
wttli th© salt aoltttl,®® mwA mmr® iiat«r add«a uatil th© total 
awimt ®f w«t®r wa« tferee litei^ . liixtmr© waa i^micoii and 
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•Us* 
E|«ld«Wl flugk &m& m wmm mm* Th& disttllat« 
ms mSe Jmist a<iM to «#i%0 r«d wltk smpiiurie aeM ami again 
%.© ftllmlimt® any ®!J«®bIa tlm.t be pr&»mut^ Un­
lets ©t'l»wla« tli# a»ttats ®f ©tlmaol MtaBOl In 
t&@ 4istllla.t© «er@ measarM Ijf a 4e*®3.®p©d toy ottoei^ i in 
tilts© tMe €«fcaii« @f wUimU will b« publlshea later. 
flii» is ij&set wpes w«it ®xliati®s witii ^tamahm SieHrowte* 
0ec«ei©i»llf al«#is#l» w#r# tr&m refractive iisdeaE 
a«afiaip®w»t» mpea thm dlafeillat#* wet oxldtotioa method 
0km. eie#ll@iRt resalt® f@r bmt thm pereentage error i« 
liMmXf t« b® ml%h Imtanol fo©-sau®e of ttof® extremely 
saaall mmuu%» pr-mmmt*-
la ©rt«r t® mwltf tl» qmatitative rea-ult®, th.® mntT&l 
aistlll»t®» tmm a niaiier &f r«jWQt&tiQa« were eolleeted# th# 
®f tto.® w«« inermsed by flirt^er dlatilla-
tioa &&& hf with pataaeliM carb@astte» fJie «1«o}iqI«^ 
w&m %hm fmm-tB m* S ee« &t <l .1st mate 
were ©btaiaed with a beillag mag® &f 114® to ll@®e.,. P7«.oticaliy 
all tlie r«»lai©r fiistlllM mmt feetweem W® amii 8S®C« ftoe 3, S 
«linttr®te®iaiif»t# 4®rlv&tiw®. were fre;^re#f that ti^m the larger 
pertioiB ha# a -aeltlng s»oliit ef #1® t® ©^^.j »B<t tlmt fro» the 
»mll0P jp®rti®m t# S4®e» fhese 4ata indieate th© pre&eiM»« eJT 
nf?l3«taii©l in th® rati® ©f alw^t tweaty-flve to one, 
whifeh *a« -Appmximttmlf that femiMl toy tli® oxM&tion methodm 
war# 0#pti«tM imm tli® pest ©f tb« ter» 
aentatleB pr^mets %f distill tug mm a@i€ifi€tA sa»|>l«« "Stie fer-
»eataiti@» liqwid w&m Mh&kmm vtg&mmly &M 5© e©» were aeaatare  ^
out iiit« < SO© ce» irJi®isffie.y©r fia#kf m m* of 1»» eml.piiEurie 
aeid ir@r@ tJse fMst w&» aliowM to staixt open to tb.e 
air for i© nimte® t® allow any carfeoo dioxide to esoai^e* 
fit® was tltea iat® m SO® ©#• EJeM«^ lil fla#lE» Thm 
volatile m&M» w^ m <ilstille# ©a a EjeMafal distilling T&ekm 
Five iMUB^ret m» of distillat© war® e©ll@«tM| tiaso voluaie of the 
lifMi# im til® IJ«li«Ml flaek was miatalaod at about 100 c«* fey 
additiofl® of (SiitiilM water# 
®i© taistiUat® W&& mix®i thoroagkly aM 100 ce* were titrated 
wMh M/XQ sodlw Ity^roxid® ttsiiig pfeeaol^tHaleia a« the iMic»tor» 
.Osmlly t-tii# w«8> aa far «« tl» »mlf«i« wm» aiadl tiie- vol®* 
til# soli wa.» ©aloiilated. ms aeetie aeid. 
TOtlJode were triM for the Aetersiuatioa of tm relative 
a»omts of aoetie a.isi iwtyrio aoid«.# fh® distillation »thod of 
?irta»®m ®«i .fwliiM ClSSSS) AM not prove entirely satisfactory. 
Til® proce&ir® of fylewaa (3.^ 24) gave imeii m&r% eoxusistent reaailts# 
hmnm tteia aetliod# wltli a sli^t varlatloiit was tmed in all t&e 
worte ©m deterBtinlag aoetie and Mtyrio aoid ratioe# 'She method 
e^ leyed was a# followni 
A portioja of tl» distillate mqmllt&Xmut to aboat 2*© cc# of 
^10 toydr©«id® wa» aeetirately aeaaiir^d into a §00 cc# 
Hrrnp &t pli-si^ lj^ tStelela m.B add^d. and th« 
w«» «.d« alkalto® with. B/10 S'® i^wi Isffiroaclt®!, Tii« Hactlc 
TO® tliea p3&e«Ht ©a a a t eam pl«t« aiafil a.ll«w®d li® ©v»p©rat® t© 
dj»yii®»« @ireF aiglit t# f®®©v© «l«®l3.0ls» ©a the follewijag tli© 
flask ®a» eooleia, a»a 2Q €®, ©f diatillea. water and 26 ec* of K/4 
tieiir®Ba%® w®r© add;®il* fiie fl&sk wa» i>lac©d a 
3p«fliiJE, ©oB.<i©R«®r ma& 3© eo* ©f sulphuric acifi (36 
I « )  t l x ®  © © a l # f i » e r . »  t h e  l i < | u l d  w a a  r e f i m x t s d '  
tmr ®3tt« M©mr# s#®!©#* «,ai. with ^iatillet water 
t# ftbomt @e«| 83 e@* #f m iO per e#nt solution of potaasiun 
iodid# w#i?© A4!ie4 an  ^ tte® #®l«tioa wm titrated irarcediatalf with 
staaiSmM i/4 sediaai thtosmlp&at® with sfeareh aa the ii»aic&tor» 
& biaaic with 41atlll®«i wat«r w«s rn» ©n tfe© nsagent© «M p®ta«-
»i«® 4ieiiro«t@ s0ittti©m-« 
% this pm«®iwr« %&;« butyrie a© id is &ppar®Btt.ly oatidiaed 
Q*iaiitltiativ«ly t® aeati® «ei4 but a ©orreetion ®a»t fee applied 
fer •itae ef ae®t4# a#i4 present ftii<l foi%#i|, a# it i» also 
#©»«i3Mt Thm ei^iaatloii la ealoulatiag th© Wimount 
®f Mtfri  ^ eeM is as follwst 
Q,mim(h*Q*nm,} • s 
wh«r« to iraaicftt^a tl» differene® hmtwmm th® blank and th« 
«»<wiat of i/4 #©iia® tlil®8mlpiiat® r«qtaired t# titrate th# ^xeesit 
diis!}iri»t« n the of K/lQ so i^iiai hf<3r9Xide eqmivaleiat 
t© the aeids in the aaaiple* a-ai B th# gmmm ©f Imt^rric aciil is 
th« jsaa^l®. A^stie acid mm ealettl«t«  ^ Isy differanee fim® the 
-88-
0rig£»l witli eMiua liydroJEM©*. 
K#n-*wX&ifelJ,#. meida# • 
fto« rnmmplm  ^msM far tti® of valatll© aelda 
w«r® in tlie eiet®y»lii8ittoa of .awwiatile aoi€»* After 
tto® tlittXiatloii#, t1&« sasfjle wa® r®»oved fi^m th« K^el4ahl fl&sk* 
afmp»at#d. to a ^-©lam® ©f afeewt M ee,, ai»a extracted with ®tli«r 
f#r 43 ^ mmrn fli© ©tJaer was timn allowed ta waporat©*. the re»l-
dtt© was ils#iil,¥®4 watmr, &M. titratsd with s/l© s^ixm kydnt-
xid® mtm§ as. th© ..iiiftic«t®r« The mon-vola-tile 
aeid.8 w«i*« 3«ip0rt«<i as laet.ic R©id« Th,« aaaimts foi»:  ^ wer® to© 
s®»l.l to li« of aay in th,e&® stmdi#® aad eQ.ns©qu©ntly 
t&ii® d«t#w.imt.i©ii wa» g@ii»pally «ia4tt®€» 
ffe® mmmmt ®f r#»Mttal.. &% tiMi mmliml&n ©f an 
Ha mxgmrlwmwi^ m&s det^wlaed is #i?Kaer to to® atoi® 
t® t&leailat® tfe© @f 4®®«iipo-s®d th« ®rg&Bisa«* 
'fit® det©i«inatt©»® w®r® md@ ©a tli# sa«» saaipl® u»«d for tbi« 
d«tefwli»ti«s #f Aleohmlm wM©li r®p.re®eiat©d 300 ce« of fer* 
a®itt«.ttoii After tli# 3re»o»al o-f tb© usmtral diatliiatos, 
tlae %n EJeM&bi flart was wa«lje€ into &n Srisraaayesr 
fiftsl^aBii tw® portioiss of bydroehlorle acid of 10 
©e# «®#h were added to anf mX&SMm earl^nate. Thm eon-
t®3Qt» ®f Hi# fittsk w#r® feoi.l@(i afeomt two lEd-aut#®, allowed t® 
li©t ©a a Wa.&hmw tuxmrnl, a»t with water, 
mterial. ®a th«i filter wa® ©©versKl wltli a liot S per eoat 
%4r@xM® ®:®ittti©% wbl«fe was allowed t® i*«mln oa th« 
:flit#r f®i* a »l«te ®r ®@ thmu dmwa ©ff• ima treatia©®  ^
witli S f®i* ^iait hy&mMtm was j?®peat0d» aaS tli© realdtt« 
Wfi w-asl®i wltJi i»t®r# If tJbto filter paper wa« pealaS 
©ff# but if mt pi#s,ll(l,« ft was to reraaln and a carrae-* 
ti©m ag^pllad later• tli« reaMmt wm €ried la tha imvLT^t^r at 
t&w a da:r w©r« wali^ad* 
fim walilit @f r«aidm@ €tvld#€, by 3 gava t^e sossibar of grama 
@f e«ll,«ii0s® left per iO# €ia» af tba f®ra©»tatioja llQ«iar« 1!toia 
iralm# fsm tto© graiaa of e#llul©s® ©rlglsally prasaat 
per .i©0 e®, (nswmllj 5 g#| tli© awafeer- of gi^m ©f aallulaaa 
daaeiip©#^ per 1®® m* ®f 
®i@ ®i»i#f aaare® #f errsr in fela matl»®d ilea in th© aampllu® 
#f a f#:»@atati@» wliaa west ©f Wm e«lial®a'» la uafanaentad* fim 
*e41«». 1« tfe#ii mry tMafc ana tli® @eJLlal0»e tasida to elaaaByp. la. 
a w^n tlaa ^asiaimt af a«Ilmlaa# daaaispaaad la- calam* 
by smfet»S!tiaii,f r«latlval|f largar arrora ar® llkaly t« 
@a-«r« ibaa ©aly vary 8«all aaaaata @f aallml9s« remi» iinfar-
ffi«at«a.t tlia ©arraatiom appllM far ia»a axtra papar added durlias 
filti»tl©a la. lllMslf t@ tea la ®rr@r by abant WQ mtlll&mm bat 
tMa i»  ^ isat a 8«ri®«a arrar mimm tli® fii^ l aaiaulatiaiai are iffi»d«» 
Wim ®«ly mmil a»mt# riwftliij, tb® raaldaa la aaaally yallaw ia 
aalar sMi eamtalai a ©aniMefmbla propartiaa of guam aai baotarla* 
sflt® ®f %M.m meth^^ gi¥®» » g®od. li^ iea* 
ti«ii mt %%m naswat mt ©f •e#ilal@8«* 
»agaf« w®r® €©t«rai:iB®i toy tiie a©ti3©ii, mxtlltmA Iqt 
Sl»fl'«p ant ai'ifte»ii.» Is tbi« pawsMSsdur© Filing's iio.Xw-
fcl«« 1« wM mwi i^teetiea is out in tlie staMaisI 
micumv-* %&ppmT im €-et#mia«d fey mm i©€©a©tpi« titra-
iBeetteia® were cletermlmd witk • 
m Wtli-iMM gas a,jml^ «ia 
fb® gmm ®ii»lv«a diaipia® f®iw8iit&%ion w«f® ©©ixeetea over 
#afea««teii ©lil#!*!##- s@latio«# Thm mlwmm «f gaa eoXleetM 
wem fflsasttrsi, aad m 100- e©# m# int© the ap|>ar«t!«ui 
f@r analyst## fb# ^-.s ms firmt tb3r©M§h a n&IiatioB ©f 
f©%«#*!«» fcky4r©3!:i#®» aM t!a,& (a«!©..r®as® ia &f tM© aaa^I« 
««» r©@©ri«i a# thm prnwrnmntmsi® mt mvlmm oxygea m&m 
%hmn adfie4jr. thm ir®lm»s mgutm rm&.$ aM tiae raixtiip® ia tli« tub© 
ignites liy » »p«Fli jfrw « spa i^i eeil* The gas was «ll©w©«l to 
©©©I, tb« mXmm ms fh® ga» w&m thmn pa»s«<a thaw^a^ 
th© fotawtw liydpoxld© t© !«#»©¥« ©ai?li©a dioxifi©, and tti«' voliim 
iagBiB <i«tewtiii©4* la »s39»b instaneea, wli©n tim pereentag© of 
3xy4ro.g®a wa< it was a®©®»8a,i«f t© l®t B&vm ©f th® saapl© 
hmtmwm «4ai«ig mf&m ia t& Um&p ^ gases withia 
TTE® UPPARATTTB ^WRT^G Wm «XFL.®®TOA* 
at® aii@miit @f i»rli®a dioxtfi® preheat iraa ©aieulat©*! &« 
ali»v«* flm &i mtimmm waa %m ttm 
ia #«riaf tli# lASt wifefe j^ota»sli»i 
til® jp0i*©#at«.s® ©f im« ©aleulated fejf 
TH® #@ER@SS« tu mlmm TARIAG M© ®IIPI#SI®» Imm TWLE« TLWE ^EJ?-
e@»tag# mt «a,Hfetplyiag tb® result fey If p&r% 
of tfeii aaa^ l© wa® .«i3.©w«i t® esemp® fe#.re-«N8 aMtisg ®jKyg#n  ^ the 
pr#|»r faet®P t» eftl-emlatlag tto® «TOttat» of liydr'dgea 
AM 
fi» ®f maitw 9Amm& wwm fm wM&BWfzm 
m AmmQm a® Asma 
FTE« Mimt 0t fmm&mtm'm-
pwpp®m ©f ©Mi^ i'isfiieata m» to %h9 #ffeet 
mf %hm pw&^mmtlmm #f lie^itiK #0ii* 
tata®d 3 ®f «* #4*|i#ta»«tMaH phospim"be ana 
tiMs- t&iorMe# flie eommn-
tmtl&m ©f aawsaiiaa ©hlerlA# wa®» at ta'C^  temperature# eaictilat^  
trm& 1^® i*#iati©a fN»t&i(3.iafe®i(l 1  ^ an# J l^oar (1986) f©r 
t&« ©fttlsBW tto® salt fQW itae of yaaat* 
fb# «©ae®iiti^ ti<i» was «j£pi»e®«eid b;^  tk«NS« atitliers a» 
4 %:®C« At aaito taag>®i*atar« S litera ©JT mediitt 
wajp® «!«€ i» a It' iit®r flaak «4tli a eaplllary vant* lae& 
tl&sk was ipfi>©ulat#<i wltte. St© ee*. ©f eultmra ©uatoar 84# whl^  
ji^ ji iB©ttbati>€ at 6i^ e* ]&we44at©l^  after i£i@eulatioii« 800 
g, ®f sterile ealeiiM. ©arte#i«t« war® aad«d# IMriag tbe fertnen*-
t&ti©» the flaaka war® a&aifaa .f©wr tlmaa 4all|'.. A portion of 
5i&0 ea.* wa» aaaA far t&® aml^ ata ar tit© fallowing product#i 
m&mmlf hmtmmal, a^ aatie aeiA, ^ tyrie aeM.# aa^  eallUElaaa* 
m© first «35i»riffl®ttt m.m raa at 4®®, ©5®# ani 6®®C. 
tlfc© data rnhmm a distiaet ojpttwM pro^ uctioo @f etteyl alaalial 
at iS®i# fUmm wm fraatically ao a«ti©a at men aftar 
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The Sffitot of TemBerature. 
Ylelts on the eighth day. 
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Figtire 4. 
whl€li timet aiifiaa.lt i5 per ©f th® ®®l.lul©8® was d©e<mpo8«iil*. 
flie ms pr».«tleallf #oag3,@t« ©a th« fift&eath day, 
m 'Flgur®. 4 yields «f aentic acid etfeajswal on th» 
A«,f a.r# agalBSt t@iip©3mt«.r®^ fbl# figure «to.ow» 
paFtieuiarlf well tl» effeet ef -leapeimtmr® ©a the yieid® of 
tkmmm 
flie .8ffe®t 0f aaey^&ale mltm 
EFFECT Q-t 
la tlie seetioB it «»• that tlie mxljewai 
dtsefeioa @f w«# efetaln&d at the i^eXd beitig &^mi% 
t© fef eent ©f ti»- ©ellmle^e fer each tei^ emttire 
tl3e eeaeentrntim mi sumuatiiiiiii ek:L#rMe me t^t oelmiMted ae 
epti*ffl f@F Um grrnm^h. ©f flie. teXlowii^  expe^riaients were 
designed t® tft«t the effeet ef v&Tytn  ^ eoneentx^-' 
tteae ef ttoe ameiiim emit mpiiB t&e produetieii of etiian®!# la 
eaeli ca»® fS# ee.-. ®f afedi^ i® wmr® prepared ia a oae liter Erlea-
fflefer flaeic# Ito# e#»t«lii®d S g# eellmlese, g. di» 
fotaeelmw plio#pli»tei ateont g» eal6i«i eai%ea»te per 100 ©e. 
®.®i #®Beeat»ti®«e of &]»g»miw ®iil®ride,«. the ©ultMs?# 
ffi®pl©yeid» miafeer M* wae t&e sa»e a» tlsat meed in tlie .te^em-
tare ®xpei»lM«st«# laeli flaak was luemilated with SO ce« ef an 
aetive fei««jsa%ati©a of tfeie eialtmpe* 
ftie d«,ta efetaiaed a,re gi'^ en in fatele §• At @0«O» there 
tmm mrf little differeaee in the field of aieehol or aeid withim 
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ttoe §*200 t® 9f eiilorl<i© fer 100 c©» 
asd tJi© ;ra.tl9 .of .ale^ol • t® s.eM waa m&rXj c©a»taat at altoiit 
0,»4., • ffe# „ of wa©#at«ti«B.s of tto# ^woniiim salt #»|>loy«d 
at iS®€!# i»a# mid&r tlma iit $CPG.» fli« yieMa of aleohols and 
&eid» w@re praettcaily eonstaat foip eoias^siti^ tioiifi ©f the salt 
fr&m 0*200: %m O#40O §« i»@r 100 at Thxmjt  ^ thia T&age 
•th© ratio of etl»«ol fc» aetd w^a eowaMar^toly mora tbaii twtaa 
Qmt at 6#®i*| tli® yi®M of sl©#b0l amenaata# t© afeoxit ao par aant 
of ttoe eallwl#»# fefroiitat. If ttoe a@iiis«atf«ti©» of tb® mlt was 
1@®«. Of gi»ea%®r tlmii tlia abmvm m&mmmtimtl&BB- the yieMa were 
AcmMlmg t© tka fmrmlm mtmWllah@& bj Bherw&od aiat I'klnar 
Clt8@)# %li@ ©ptlMW aojaeaiatratioa ajMiaeaiMa itelO'rid© at S©®C* 
,ta ©•ts# «• par 1#© ©«•.* aat ©#,2®® .g» per IQ© ee-.» at ©0®G# ^aae 
mlm®a fall well witlila tlna raag® fa-md ta ba 0ptiMm Tor tisa 
aallttlaaa ,f©«w®at#ra«- A ©eaaaatmtloii ©f Om'M g» 
®3f amaaiw ©MarMa per 10© at# w®« ia all la tar axpari-
SANTA# 
fha affaat af pataaaiiaaa gfaa.apfeata». 
fwralira aaa--litar .flaaka# wi%h f&& m* ot aadiim in mam, 
wmm pr®p&mA fm tlila a«pai».l»at* mmh aaataiaaa 3 g* af aalla-
la»a,» Qm-BB &t mmmntxm eblarifia par 100 aa«# aM 
:a»Mat» ©f phmpm%  ^ iS §•- af atarila aeleia*-
««i»l»8»ta war® naai par flaalt far ,»a«ti?ali»Bitiaa« Siata flaafe 
was giv«» mm tmml&tlum mf e©» of eultuF® 24* ThB 
flasks mttm lasisitel;®# at SS® .^** fi#temii:»t 10.110 of ethau©!# 
a©i4st airaa e#llttl®s# w©r® ©a th® ®i^ th 
t«|r» ftot® of fel» ©3i^ i»la«iit ap® giirea ia table 6» 
||ijei»ia yleli.® @f ©ttoyl «.1#<^1 wer© @l>talB<»di h&tw&en the 
I'ialta ®f Qm2§ sai 0»4® g,» df pliospimt© per 100 cc» jiaxiaaxtt 
field# §:f ir®lttil# a©14® w®» ®ls® ©iJtatia  ^wlthta tiii« range* 
f&® ^1«14» @f- Mfejl aleeteoi w®r© t©® s»ll to lie teterralee  ^witb 
mnf aegree ®f a«©ara.ef ©r t@ fee «f auy gr€®.t tapertanee. *eiie 
ef aftU'lMM e#llm3.#a# €e@'«»sp®siti©n m« al^ oMt the same as 
tMt #f »*lw» fteMs @f ©tfeyl ale^®! mm& ef ir©laitile acMe* 
A Qf O*® g# tf pii®«ptoate per 100 ©e. 
ms 'uset la all later #^®ri««3at8» 
%IE EFFFEET AALGTO«>-TE.» 
It li,e®ii rep®«t«41f @te#®r»«d timt ti^  eultaree dM mt 
gr«wr tt# well i» 3« I^a wt€« wltto water as tliey 614 wiiesi 
tap i»t®r w&m msefi» It w«,s ka©*a tlmt tl» tap water ©©ntaiaed 
aboat 0#ifl» g» .@f ealelm smlptoat# per 100 ©c. aiad It wa« th&ui^ t 
tteftt the p@#r' ter^eixtatiQ-iaa la 4i»till®S mter »€ia mt^t be idme 
t® %h@ Mmk @f fei» ml%* Experlaeat# were therefore ua^ertaftren 
te *S©t®raii» tfe® effe«t of ©aleiim ewiplmte -aponi the fenaent^tiezi* 
©me liter Irlenaeyer flasle witlft fSO e®. @f aedl^  la eacOa 
wmrm p^repared for -Ifele axperi»ent.« Serlea I was prepared with 
©i^ imry SistlllM water imm tlie re l^ar awpply* Eaeli flask 
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vwf tffiiwfiil* Wm aBM3«nt of present In the tap water 
w&s &lTOst Meatieal t® the i^ tSjnMB vaXu© ©btained abave. 
A v©ry dlstinet odoi? of hydrogen aulpbld® was noticeable 
whea SOO ee» or more ©f saturated ealcim salphate were tiaed 
per flask, file ealeiiim carbonate eaployed in thin experiffient 
wa® of the precipitated tectoical ^p^de, and apparently con tailed 
little siilptoate* Qood f©Mentation» were nearly alwaya obtained 
whea thtB grade wa® ated wttli tap water# Soaetimes wliea the "re­
agent" grade was used, poor fementatioaa resulted, and the odor 
of hydrogea atilphide was aaaially aotiseable in auch cases* The 
labl»» on the "'reagent* grade usually list a astftxiaim SO3 oontent 
of 0»Q2 per cent# If the wxiau® aaoant were present, the eoneen* 
tration of siilplwte in the laediwaj tfm& i^s sotiree would be 
eqaiTaleat to QMIUS  ^ g« of oaloinjai sulphate per 100 ce» for the 
asml a»0«int of culchm earbonate employed* This qiaaatity added 
to the mmmnt present in tap water amkes O#0136 g* of caleiim 
sulphate per 100 cc« fhis say be the eicplanfttiozi for ^e faet 
that sow lot® of caleim carbonate g&m poor ferwntationa. At 
least this ej i^eriffient indicate® that the aaoant of sulphate in the 
calciwii carbomt© my be a factor of oonsiderable importance# 
Rigger fields were obtained by using water distilled i» 
glass tiaaa by mslng ordinary distilled water as it case from 
1^® tap# Although experiaeat® were not undertaken to teat thi® 
point, it i» probable that the decreased activity of the culture 
is due to «all traoes of copper and tin from the pipe line. 
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resMlts. Iradtcat® tli-at with, the teehnlqu® ©le^loyt^ the pM 
.for M.^ ©et ef etti^ aol ®hottM adjusted within tdi© 
raijg# 0f f«.® t® 8«0» fh® <3ata again ala©w the higtMsr yieM of 
etJiaaei at ®S®G« «» e©»pai?«4 t@ tl»t mt 
fii#r« ar® sewmi factors wiiieh laak® a more ejmet reftmamo&A" 
tioa tM^osaitol© w.i1^0ttfc ©bteiiaiag further data# A high pH appears 
t© delay th® start ©f th© f®M®iitatiaa, hut when osce una.®r way, 
the actioa .my te« partieulariy ¥.i^ rou»* la Series I.I th® flask 
at pH f»W startM first &n& w&m f Qllmmd withim 1.8 hours by those 
at 7.iS.., and the flask at S.O did not start until 24 
hour® later titem th® oae at pi ?•"?§• fh® flask at pi 8*S had been 
s0ti¥«ly fera«»tli^  oaly 4# Aay® at idi® ©onelusion of the experi-
®@iit, M&i o.ii©® ai»€er way it wa.8 the iso®t rapid of all. Another 
tiaturblRg faeter i« tfe® fluetuatioia ia pH betweeis ad.jttstffieat8* 
Duriag. the -actiife ferwentatios the usual decrease# i3B pa at a 
pi of f*f§, 8,0©» aafi 0.S0 were about O.S, 0.4, 
0»7:,. ©•8# ©»&!,. aai^ l.S units r#»p©et.lvely Airing Ig hour periods• 
©lis effeet was ©ire® aiore p3?^-Rouiiee€ in Series i, usin  ^ sodiua 
hf<ar®iEia® as the neutralising agent# Xn tl»» i<leal ej^erineat 
the pi would be kepi constantly at the speetfied value, but this 
is rath®.r €iffi®?alt t© do in the- laboratory T i^mn large quantitiee 
©f aeid are produoet# 
In fig,ure S are Bhmm phot&gmp'm of the flaek in Series II 
at the'pH value o-f 7m2§» fhese siiow the- flask 0, S ana 8 days 
after i800ul.ati®n.. the seeoM shows the typical •head'* fo.ni^ t.ion« 
Pfitotogiraph 1, 
InDnediately Aftep 
Inoculation. 
Photograph 2, 
Days After 
Inoculation. 
Figure 5 
photograph 3, 
Sight Days After 
Inoculation, 
Th» of fa.rlatlei3« &t of GelluXoa* 
IM tliea# ®.3iperi»at» li ©Be-liter flaskfi were ased, eaeli 
eentaialiig T#® e®» of ©f tiMn eos^ealtioa ©wjployeia In tli« 
pre¥lmi8 fli© ©eneeotration of edljlulos® wa« varied 
froa 1»S t® 6mQ g.. p@r 100 e®* ^eli flaste was iaoeulated wltk 
§0 ee# ,«f mltnm nii®b®r t4# f0ll®w®4 toy th© adaitien of 2© g* 
®f aterll© ©aietiw ©arfeomt®#. Qa t3i© ei^ th day after inoeiila-
ti©a aaalf fi«» w®r© m4m for etJmsooi., femtaisol, an*!, residual cellu­
lose* ®i® data ar© ft¥©ii iB 'Sabl© 9* 
Ihtl© til:® results are mw&w^% irregular, dae to dlfflciil-
ties in thm analysla for cellmloa#, and other diffietiltloe ia-
lj.er#at ia tlil.s type of @3^@rl»©at., tte# followiag general trend# 
maf. toe otoaerved. Witli mm Increase in oellmlose ©oneentratioB 
there was aa Im&m&m In the yields of etisaaol and ipolatile aoida; 
tlie yield of tla^»e eliesieala per grsi® of oellulose fermented waa 
pr&otisallf oonstant with IMicatious of a aiajrlaam between 2 and 
g g« of oellulose per 100 o©# file fla«k» containing more timn 5 g» 
of oellaloee per 100 ee» were to© thiek to allow effieient 8tir» 
ring* A eoneentimttoB of 3 per 100 ee* waa eonsidered the 
woat aatiafaetory for qMaatitatlire atudiea sinoe it gave auffi-
©ient prodweta to fee ©anvenlentlf amlysed aad gave a medim 
aiiffioiently flmid to be easily haaSled* 
Ttttol:® 1^® mtfmt ®f 
1mm* 
varlatioBiS of e®ae«iitpat loia® ©f 
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pared e©Sit-atoirag fS0 #«• @f »€iia ®a©h« "Sa® raedla eoQtain#& 
3 g#. »f g* ©f &mmm3xm cfei©rM«, 0.35 g« of 
fF©ta»siai» pliQSplmt® auil farjlog s»«at« ©f glae©#« p®r 100 ee» 
Tisr®# flask# mmtmtmM m glu©««« &a€ w©r« «s«€ a a controla..-
fwtmtf-fiir# i» steril# ealeiaa carb©i»t« were aMexl fc© eaeb 
flask f©r ae«iti*iii:a%i9ii» fb# flasks w®i?  ^ i3aoe«ia-te«a wifeii ©0 e&m 
©f mmbmit 24 aM ta«tttoa%®<i at ©©termlmtiona of 
teataseit 'r€»latil® aeMs# aM rdaldiial edlluloae war® 
wi€® $11 tJi# day# At tb.t ©©ispletioa of tlii® s«rl®« another 
seri®# Ira® prspar## arai lii#eaia.tj«wi la th« laai© mtmier a» th« 
ab®T«# «x##pt timt tiie fi.®©e«ntratloia# ®f glueoae r®pr©santed a 
narrw !•»»§«• r#8ult® ®f this ©xperi»®Bt &r@ ^Ivaa la Tal>JL« 
!£• 
»r til© ©3^«riiMat# 11 SOO e©« fi&aka eontaialjog 30© 
c@» ®f wi€iii» w®r® mmm&rn: la ®1* tl«j naltiiani consisted ®f 
#f O.tS g* amsmliie mm& 0*  ^g* of 
jp(lio»pli-at® i>®r 1©# e«*. la th® ©t^ar S th® a»9>diia]R 
©a«®i.stM #f 5 g# &f oellml©s«p 0»M g» of a]^ .^£ii«uai Florida« 
aM 0*g® g# #f il.i»p©tea»alia» par 100 ee. fea g* of 
sterll® ^alaiwffi ©arlieiaat® war® «s.eit per flaak for la^tralizatlon* 
fli« glu«os@ ftoata if#r® atarillsafi omly aimtea at 15 points* 
On# glM.e©a# flaate waa ia#€ffiilat«d witJb. abottt IS €e» of ctiltare 
ni^«r t4» fhm «ltare m.« tm»»ferr@d smaoeaaivaly t.iarott#i th# 
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IKi# <Sata. ttotalMi, irltaa tli« first series isdie&tea. ttoat tlier# 
aigh.t fe0 mm optiaffli l>®tw«©« 0«0 0«,t §# ©f glucose per ICK) 
ee» and the seeniia ©eri#® was with this in mtw^m fhere 
wms a sll#it increase in tk@ ylmMn and a somewhat greater 
increaee ia tl» yieM ®f volatile &ci4B# tomt m appreeiabie differ­
ence ia tJa® €e«©ffl|^ o=8iti@n of e®ll«los« wae noticeable within thia 
range# 
a.ditti®a of a wall amamnt of glucose increasea the yield 
of both ethanol «oi volatile acits, bnt tfee increase ia probably 
dae to the feraeatatioa of the glucose rather than to an increaae 
ia the fewwntatioa of cellalo.®®*. It had been hoped that the pre-
»#n©« of a saaall amoaat of glacoae womld aid the feraentatiom by 
prMttCini, a large noiber of bacteria in a aiaort tii  ^which would 
then attack the celluloae* Inatead* glucoae m&sm to delay the 
action on the celluloae* 
fro® the ab©¥® reaulta It would appear iM&t either the ac­
tual cellulos# femeafeer €oea not grow well on glucose or that 
it® growth on ^Iwcos# redmcea it® ability to iermmt celluloBe#. 
farther proof of ^ j|hla m&m obtained in the second ea^eriaent witb 
glwceae* When the ©mltare «a« transferred to the w&dtm con-
tainie®, glmeea# aM a© cellmlos®.,. a rapid few&nfeation set in, a 
considerable «»want of gas iraa given off, and the meditm beea»e 
darJk in color* the auccesaiv® transfers on the glucose mediua 
continued to feiwnt mpidly* When the flaak of ordinary celln-
loa# aeditaa waa inoculated frm the firat gilucoae flasic, the 
f©r«entatlo» of celluloa® wa» evident within two daya. An inocu* 
irm fell® :s«e«at glueos© -flask als# f©meated e®lliilos«, 
but aeticis w&» n&t appar^at imtil tli© fmrth <lay« Transfer# 
frm tfa® tbirit,. fniirtto., mnd fttth glmmm fl&aka produced HG 
fem®iitatl@a ©f evm thm  ^allow®a to remln in tli.« 
Inciatoater fmr mm tfaaa & »©nt&« If tli© tru® celixilosG f®r^nt«r 
d®«« not $mm m ffe© fa-efe ttaat transfers fro® the f.lrst 
twQ glm&mm flasl-s f#.r»eiit®t ©an toe ©xpXalneiS aa losing 
€tt® t© tfe« iarg© Ina^l^tion rati-®® 
®i© d«tsrffiii».ti#ii ©f etiian#!- ©n tla® firat glac-os© fla«k, 
wli«n tt w&B i day# &Mg. lEnfticatei 0»#6 g# of ©tlwanoi per 100 eo. 
®i«i a©t©imli«tl0ni- -©n til# ®«e©iia sliaees® flask tBBilcat®(l Q*f4 
g,» of vela til® &©l€s a-i^ 3»6# g* »f reducing sugars. B&th thm 
V0lat|l® m&M mM emm&l v»lm©« wei  ^ l-ow @on$>ar®d to tla® iiauftl 
mlmm ebtai:a«a fro« fer»e»tatl©a ©f e®llulG-@®f bat th® 
©ff©®t mm tim mst i*rk©4 witlt mWmml* fh& &mm9 pb®no»en®iai 
was iaftieati  ^ In tlie first ^s^epim&nt la whieij th@ flasic# e®a» 
t&inlag gl*ie#a® relttti-f®iy ia®r® ir^latll® acids ti»a ®tlmml* 
In all mmeM wbmn tmmfmm w$m from the glucos® laediua to 
tb® ®®il«l®®« s«dii» «9n®id#rftMe ga® ©irol^'ed daring th« first 
dftf @r 8®» tlm mltmrm w®r® ii#ing the glueos® timna* 
f©rr  ^ in th& inS'emla®* 
®xe8-e ®jtp«ri»nts iadicat© tliat tto® presene® ©f gluooe® up 
t® al>o«t 0»ZS p®r e®nt is not h&miful t® the fermentatios whil® 
larger «a®ttnt-B «.r« #@l®t-®riott®» -flila f©»®iitiition cannot to® r®-
gardM a» « good :»©iana of eg«iir®rting. gimeo-s® into ®tlian®l a® 
ye&.»t» ,glir® gr©at®r fields in leaa ti®^- and at lewer temporatmr®# • 
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falii® km &f the ga»®» prcKiuecNi by tlie 
Jkn @§© m* with GaOOs i3«mtx*&jt.i8iatloii* 
I# 
•• • •• '••'t' ®#«'gill' '• i.F#r  ^ ' ' mm ei&m' 
4&# tBltomgai. t f Ba t iHtr aoar 
m mf Um§ IS 
m f4S m*& 44 •t 
44 §20 $2*Q 45.7 74 
10  ^ SS»© 38 64 
m 4^ #§•« 3S»i 64 
m mn 8S»# ii..s Si 
m s#.s 38 
%m mi K,t .^6 44 
3J® ft® ^•4 28 
im mi la 
2m m*9 ^»0' i,7 
m S #'0 1.3 
y^f% i». t^imrn 
nrnm e,# 
mm . .^. . 
iri»Miet 
ael#» as ae®tl® I«4@ ,.g#/lO@ ec« 
f@%*i e&i»l>®a dl^xid# g»/l0Q ee. 
®-«M» aB .^ eastssaait® 0*&4@ g*/lOO ee# 
4io3cl€« tmm. 0«44i g»/XOO cc» 
Hy4t»®g«a «»00f34 &*/lOO ee. 
ytmM wiatil® w«» &M aaoaated t© alaoiit 
SO p®r ®®iit ©f t3a« e®llial0®® aMisa. At flpst th® productloa 
©f 'hfdmgmm ©xe©M«d tbat ©f carfeoa dlsxtd#* hnt as the ferwsa-
tatio® prueMM tfe#re wa® a gradmX d@er@ii.«# ia the awamta ©f 
liy^r@g®« mlMtlv®. fc» ®f eftrbea dioxia.©, The r&t« of 
prodiictioa wa* at « .i^axiMtin during th# seisoEMi day., then ipr^dmlly 
d#epe«#®d> aad fey th® ©i|^ th dfty Md pra,otlcalI|r eeaaed* Th« 
total iroliaw ®f ^»m wm i^oat tim@« that of 
tli® ia#diw»« l>«t if tm m&d® for th® amount of earbon 
dlojtid® pfs&dMOOd hf th« aotiom of th® wstlmtiXm aoldB ©a ealeinai 
earl>©aat@#"th© ratio i® only abimt five# fh« yield of cart><m 
dioxide was. alioat ii |jer ©eat lif weight of the eeliitiose added* 
fhe rosaltsB of ^e li;t®rl®eat II are given Im. fable 14# 
the yield of eti^l aleohol mm htg^ i®. this e:3ip0riii«nt and even 
eaoeeded that of the volatile aeide# yield of ethyl aleohol 
WM M per oeat by &m& that of volatile aoids wa« 24 per 
oent# la this esperli^nt the tiae iatervals betweea the seveml 
gae amlyeee were greater ttmrn those In th» preeeediiig expwiaent, 
and the gae was remoirei la aatt# of l©4t oe.| he.Ree the ratee 
of produetiom canaot be oaleulated with aay degree of aoeuraey* 
la, general, tfee reealts are life:® those obtaiued Im the first 
experiMeiit# the min differeaoe'is the lower pereentage of 
oarbo» dloa:id«ii thi® is d«i© to the use of sodiuai hydroxide 
a® the aemtimli«lag agent in .plaoe of ealeiuii c&rbomte* the 
mtioa of o«rb«ai dioxide to hydrogea were praetioally tim smm 
in both expertJiemts wheo alloiaiaee was aade ta the firet eaqperi-
14* Am tii# »«efi pre^eed by tb® f@rmexitAtio3a« 
lxf«f>t«dat Itm A «©:• fepwmt&tti&WL with SaOS 
Agn ili lae^m 
i &e«' 
t istmlw^ 
t mit ©eais i Per l 
m s 
Fer e«iii 
0E4 
» mm ,3ia.g 0»4© 
fl. sm. m»3 31 •X, 0.38 
tf 4i@a 84 •t 11 »S oa© 
144 UM§ fO»S 34*3 0.40 
mm m*M ^•§ 0«-0S 
m4 am §§•§ as»7 0*56 
E®ft i» f»fm# 
loot §©•© tS»7 0»3& 
f#ta3. iFQl^ne 
ga« ei»ll®et«4 x§,m^ 
QmW g»/3.00 ce« 
©•OSl §m/lOO ee» 
felafcil# a©til® •«# ©•fg g*/lO0 e#» 
©arte.#® twFlag, QmS& g»/lQQ ee# 
lfdr#g#a Q*W&$ g«Aoo ee. 
@.O0O©®iS g./loo e«» 
earboaat®. Tkm volijBie of 
ga® S.» tfe© mm-Qio& exp^rlwut me jmst slightly over 
fi¥© t.l»® til© wliia® #f tto# aeAimsi#. 
tm msmmtmmm m ts wmmmM m mMmmmmn ^mm 
©ffiwi mmmzQm m mH* 
I» tHift: & fmr liter fia«k eeatainijag 27&Q ©«• 
<it *« prefarM# fli« seilm wm» ©#stp®a©<i ®f 3 g.» of 
f,* of &ia»oaiM» -aisa. 0.*2S g. of di-
p&tmstwm phos|4iat® pap 100 ee# &t tMp fho Inoimlm eon-
si ste€ @f c## of ealtmr© ni3»^#r 24* Th@ flask was Imubatad 
a.*! i#®G* f&®  ^WA® «(i|»st©d twi®# aallf to a wine of by 
tJi« additio® of S 1* so€l  ^ fjae g^-mm evolved during 
til® feraeutation wer® eolleot«;d ov®«* a safeurfetM aolutioa of 
sodiUB. <sto.lo^ftd« »»& a.i».l.y»0€ from tiiSi® to ti» for carbcya dioxide*. 
and »t;baa©« tw©lv® days aft#!* iaooalation tii© e©»» 
%®nts mf fl&ek mrm rnmly^m for earboB di-oxidtt, wii til® 
aoiil».# BOii.«'^#lfttile &©idst hmta.ml0 eUimml  ^ aeotosHs* redueing 
sttgar# acMwing sugar mfter ij.|rdi»olysi8, and orttd® fiber. 
of earboiQt dioxido ia tim us^im «&» 
det(S.paiB«d by aeidlfyijaii a 200 m* »&»pl«,, boiling tbe iiqaM« 
eoll®#:tliaf, t&e ©seajjiag .ga»®s ©v®r a satairated salt soXmtiOBt 
aad d#t®r«i®iajg tli® saiwat ©f e»Pbon dioxide wttu %lm Williaffiii 
gm amlysis ap^ratm®, A©®tOi» waa d«t?«miia®d the taaml 
iodOM^tri® wtliod#. jfefdrolyBis was ©ffoetod % reflitxing « 
100 ee« aaai»l« for two and a jbalf houra wi.t& f ©e» of oon«i«a* 
t3!*at©d •|3.fds'o®3al©ri4» aeid (speoifi© gravitsr l.^ i@7)» Tim amoumt 
@f ei^#. filMsr waa % tfai® ®fcaiiaa.r€ A*0#A«e, aethcj  ^ la 
iflitsfe « was r@flux«S wl%3a 1*25 jp@r e.«afe »ulp2mric ,aeM 
f®!" §§ miwmtmt with l.»SS p&r cent sodiisss 
f®r 3® atnat©®,# fwashed,, arted, a ia«i weighed* 
&arii  ^ til® pf*#«s#s» ®f tiii# 4©tai?m3.mti0» a eoa»ldei«l5l© 
0f amtQrtal was ii0tte«  ^ ttet was solttbl® la the aeld aM imolmble 
itt til® b«8#.« Sine® thB m.tewt^l ©saM not }wir« hmma any of th# 
0tli©p pF©d*iet» it was als® filtered, <lplea, and 
•:''elgli,e4. Tlie ©met »taf  ^ ©f this ».t«r.la.l Is wijJmown, but it Im 
almya present to fait® iargs It pr«ctpitate« as m 
fli>€oal©'ii% aat wla®a dri'«€ it ts aa amorphous, po^wdor.. 
It is ll^t .gr®3r is eaior. ©titer <3©terminations wer@ made 
Im tis® usml mniier.# 
resttlts of thi* experimwt ar® given ia falsi© M. The 
yleM of ethawl w®# e^ie^ttoimllf large, aaountiag to 0.78 g* 
f®r 1  ^«s# ®f Hqmor* f&e .yl«Ma: oJf raettene, iiydroges, 
a^B-wlatll® aeMSg and reauuing sugars were 
aiaall* i%@ toei^&s® lia %tm amouat of r^dueing sugar upon hydro-* 
l;^#ifi tMic6.t®« tbe prmmm &t &mm earlw^ydratea of higher 
«©i®«iilar wet^t tima glue©®#-!, 
ia TalJl® M th« gereeatag® fl©M» ef the irarioue px*od.act« 
ai  ^ th© pereeiitag® of the orlglml eaf%o-n r#e©¥er©4 in th® var­
ious pr®du0te ar® glwn# Mmrm thaa p#r eent of the carhcm 
was r®eo¥er@4 th® tetal weight <if prc^iMts e&iietttuted uiore 
taitt® ts par ©eiit mt the ©rtgi»l wei^t m£ eellulese* fhese 
wlue# to a®t t&te® imt® aeepaat the a©lstupe prssent to the cellu-
faM® IS# flMl vm^Mr Qptimm ^asdltlom 
m%. ©#%• CfM© figiytres gt¥«ii ar® for •&# entir« fer-
^T%m. «v®3.v@d daring fsjKieatatiiai 16*S 
Ai$sM« im tl»st lii|tt@r 3*84 
Asata»e€ earto®® iloEld# mQlmti&m. tima. 
tmmlw» to®f#re 1»14 
f®t3l carfesais, aioxM# W7iS~ge 
lidsft fx>» 0&l#ii»i 2*93 
let,!ma®. 0«024S 
Mf&r©sm @f®lv@4 fe«®ii»tl©» QmBBB 
ksBvm^ tmm immXms. feef©r« 
i©o.@ttla%i#a 0*0g? 
fiatal liy€F@g#» trm. fe3:wnfca.tioa 0*313 
f0]Mittil® '&«Ma fts 21^ 
SoB-v©latil# m%m && laetie mM 0*216 
Jfettt®®!. 0*633 
Itliaii^- 23.27 QmX& 
lei-aelusg smgai* «« ^me©s« O»80 
l:®«ii©iag, aft©** i3y4r®lf8t». 1»68 
e-mt® 2«344 
Material »®liatol® la aeid aiiil .imulmtel® ia 
allali 11 *36 
f®^l w&t^% &f proi-mets S4*?3S3 
«IIot positively Identified, 
!§#. fii© pm€mtm #f £em«afe&ti©a ©ptlaaai coia&i-
tioM #t 
®i© ar® in tis.e at #i© carboa re-
e©.ver«  ^ In f&® vaFioms pFodaets ai  ^perseatag© tey 
e% 
»s '•• 
C%MM©©Q« 
dlgfitol 
%%0I 
04l®#S 
(0%|a©© 
l©4«sfiag »mgaF 
SesM^sil. 
lm©lm IOB» *gS#4, 
Trnmi 
p&r e@at 
M.3S 
©#0466 
o»(m 
o.m 
$0*0 
1*®8 
oa® 
0*S3 
5.»St 
it»ai f 
weia^t 
per ©©at 
26,6 
0»027S 
0»3S6 
0.244 
24 •40 
0.71S 
0.156 
0.7I 
3,22 
Ite® BoiBtmy®' 1b. tfe® paper wa®. al^mt a#S per ce»t» IT 
t.l3@ »istay« in tMkm i«t« a«sC'«Mtt tli« ciarboa was 
•aa^*f per &mA tbe rmrmerj hf »©lgliti t8*0- pew eerat. Xn 
a iti0» to tMis# s»ill «fflo«iits #f w«jNi PWB&'irea tr<m tim® 
t« ti» tm lii# ®f fl* If fetoe-se awmot® wdx« 
e0iisid#re€ tim w^lmm mmM ti# feigteer# th# 
#a#« wtoM a®t te« f3P.e&t* 
Frofe.iitiQii. ©f 
mMrm mmm netlfflfHl to tte® media €Luw%ni^ femeBta-
la©l®tii:iN| orange# » «t»<i iateiETOediat# 
Bmmtimm w^wf l.itt^« pipeedrnt was B@tie«at>l9« In i&m 
#a^erSa®»t bia^k ato@«fe a Mlf iii^to is <lia®iet®r» «.ppeiiM»d 
si»Lltaii#0i3»lf ia s#ir#i«ai g^eaoye© ttsty <&cmrT^ simi* 
it wR« tfe®y wmrm to© t© ss^etM-ag preseufe ia 
t&# B«dia> tmt a« far a« @eiaM hm defc®^iii«d tia» m«^i& h»A been 
pi»9paif»®€, as as3H«l,#. Oa® ©f the tilaiiiK spot# was tmBaif ®i*p©fi t® » 
tms^ mwA it gjf©* %m& .f»3liiilese* feut tb© blaelt 
mlm difflmpi?ear@i» i© i»«l&ti©«lliip was tmn& %etw©®ii pipiaat 
pr©diteti«3.|i aod m® pFo^etioa ©f mn& mM»* usunl 
©®l@r wa# & 4*ili 
Meat slwekiiig i» s© i.e»lr«tol# In e«rt^iii femftii-
ta%i©a«i .par^itelarij is tlm f&rmnt^tlQn, it wa« 
ttoat it "b@ tee»eficlal t® tMs feraentatioa# Several 
•p^rtlom ®f a ©Mltmw v%wm piae®€ i.a teat tmhm aM plaeei 1» 
tootlluf water f@r pfsFlMs waryiag fiPiMS t© 1)0 mimt®®* 
Mttmt ®£ mmt 
w#r® ttoea msM to laoemlat# tlAmkm* fh.e trmtmsmt wa# 
wittomt. l»fla#me®| tli® yields @f mum prmtlxt&lXj th# 
»&»$ is ea»#« 
la %im oa tti© ©ffeet #f it wa« foioid 
that e«ltiirea at if®## starts mmr® rsipMXf aai prcjSueoA greater 
faaatitie® ©f f>r®fiwts Anfiag tfe# ftrat tm dsya tiiaa at Immv 
t«peipat»#a» it waa that tih.®. feasHsaatatioa 
liig&t to© speetiil ap fey fiaei  ^it at 4© hmrm aat thiea 
at S§®e« S®ati»a3Pf t® ®^#etatioiis# at tm ©ai mt 8 day* a far* 
j»BtatiOB tFeat<  ^ la this- m&mw Itod pr©dm««d ®aly liaif aa 
^firnm&l -Amii. alient tfea smm mmmmt &t wlatil® aei48 as on© ffiaiii* 
tat.i»©€ at tliroa:^®mt ma mrnrm @f tlis faiwmtatiam* 
Ht# If feet mt mmmmtm 
It toat laaaa rap@«t«41y #li©ws. %im% iSatlllM wataip' wa® mt 
aa aa tan ««t®r f©3» tl» pr&§&m%t>m ®f si .^ia..« It waa knowa 
tli&t tto® t&p mmtmT- ©©atalm  ^ ali«at 34 parts par miliioa of fflag-
aesiw aa4 it was tfc®ttg&t ttaat tte.® a.®l@terl®ma affeat of the 41a-
tiilad water ai^t to® Anm t© a laak ©f raagaaalum salts* In Qm 
m&m a seriaa ©f ai©i.ia war® prapari  ^wt  ^filatillM wmter and 
tlia aajntaat af llg©%»#Si# waa irariaH iwm mrm t© 0#S6 g# par 
100 m-rn Im aostMer siallar axparlai^t tto© aontaat of tl» ®ag* 
aeaiiaa gait wa® varied tmm %.mwm t# ®»1# g. jjer 10© ae  ^ f^raoi 
'fS* 
til® data it tliat tli© pitmmmti of mgneatmi 
salts ia tbt e0i*e«tratl©o« «8«d is n®itlwsp harmfitl or benefl* 
eial*. &® iri®Mii snu  ^ still -rery Iw i®. tli©se 
memm& @f tlMi of #q«® ir#ii salts i« m^ma^ry tm 
imw  ^ fem^atation#, it wm tfcwsm^it tliat tli® preaeao® of iroa salts 
mi^t al.fi, tlii» fef»©otati®ii« f«o ©f flasisa wore prep&red* 
Im o»# seriQ# tb® o®at®ot of w&m irari®4 fT'Oo «er©- t« 
0«S4 g» F«r 100 ©«« &m& ta tiat ot&er fr« zem %© g« per 
IC© ©IS, *Skm premmm of aore tlmm Q*W g# per KXS m* was Mrm-' 
fal:t femt otherwise m definite tr®ai was sotiooabl®, in botb 
thea® »#rte# ttas fields wore ®tilX vmvy low* Distilled water was 
used in tile preparation of these media* 
•©wing til® ®«MPse of a fewaoe^tatioa tfeer© was & deoreas# in 
woliiwi of fe®twe#a t and 3 per o«at » fhis was not take® into 
aoooant la %im ©aleolatioaas t» »o«t ©xporiaeiits as it was almost 
sxaotly o®i^«3asat«d by tli®. aolstmr# -©s»teat of tii® oellmlose» 
whieii wm mlmm h^twmm. M aad 3 per e«at« Im aMitioa to tlio 
folaawt effoot, 8®»© aleo&al i«» oortaia to he lest ^ri.ag tlMi 
f®t».i>featio.iJ.» la ora®r to estlaat® %bis loss  ^ flasks were pre-
fwir«i with a%on% ©*i g» of o^anol per IC  ^ ©e. of water* Warn 
Apprmniimtm ir©l«p® of ga® that wsmiia tea ire been evolved during 
3^m®atatio« of ttai# also was aspirated tlirowt  ^ the aoiutlom 
fitit Iff®.#t Of ^rrio iMtorld# 
j .^s«e# by 
wSill# tint tn at §©%• 
t*S per «s-@at Isla.# e-l^&aul w«a ^iirlag tto® operatioii. I^ssmm 
fmm tbi® mmrm ®tr® .a®fc aigpaificanjfe,. 
til© #xper,i»®at» ifeo« t&at it i«- pSMsslltio t® f»i?^ 
Stat ©@13lai®s© At aM dbt&iia ii©i»-
awpfioata #f A a^iia® toa® ¥@«a BystmmtlmlXy 
€®*®lep«fi ©€iisa4«tiag #f 3 g• 0*2© g* ©f aamomlvm 
ehl@rid«, aoi 0«2§ g« ®f plisaphat© per' e©« of tap 
w€t©p». feest ttapemtmr® ap^ars t© to© ®S®C«, aad wl»»a a4» 
Ai»© i«4« t»if# daiijF ttoe »i«lia0s @3!iml€ b© t» 
pM f*§ t# @*#» laisf thia 3»€tiffii* f ields ©f ©tliai^l aa hij  ^ma 
gf pel* ®®iit of til© ©#llal#®® €®©offlp©®®<l Mvm hmm o^tAlmd* 
la & l&.w%0 pr@p&rtt&m ©f @zp®rSMmt9 mlttivm caafteeaat© 
was a» %li® ii©titi*li«iiig i^gmt Sm ©Msr fc© ©limisAt© tli© 
3,ato©i*ioB» adjustat-nt ©f flaa&s twit© daily, O&leiixs cart>©mt8 
ge,w a pi #f 6«S t® i»8 &m& tfe® yimMa wer© mwmmpoBdim^y lmt»w 
tliaa f©r pi ¥alm«» ©f f«® t© -S##. 
0mm mt tb» etwam^terlstie© ©f fexmmitmtt&m i« tb«. wid© 
wfiatioa im fi©M©* This ©am to© illm®t3?at©<l wi»xy mil hy 
earn t© fatol© i» |t will 1^© ii®t©i timt ©i© yieM ©f ©ttoaiaol and 
the <dl@©oi^9«itl®s ©f ©©11ml©®© were mmU l®s» wiiai a ©©^©©litratictt 
©f 0«3©0-g« ©f ^©spli&t© p®i» l€N| ee» tJ*iQ witht tli© two a<IJa©©ix  ^
c©i»B®,iitrttfcioB«.» mp<m tte© .geaeaml ti«®M feii© result© at tlii© ©©ia« 
©©ntratiaa ®h©ttM I?© pmeticfall  ^ th© »«»© a© at ttoe adja©©&t e©a* 
©«»trati©»*. Siailar ipregulaMti®® w©i  ^ ©rt©© olis©ry©a* Wbtil© 
gmmv&l t»ii4» my fee ef Memt a sisgl# «©rl«» of f a 
e#iiaM#rab3l# naabw ©f attat tofi «*eragM te-efotre ammliih 
ttmrvBm &&M fe« :pl©tt®4» 
4# f©t ©1® .p,3?®fei«a mf »tetaiBi»g ji&M9 ©f 
ijmit ihe3?8i^lilll« fementatiiis 1# far »olv®a» 
Hi® faet tteat distlMLi  ^ wstar 4#@® m&% fi®M gowt r#salt« mitim 
\m9& %m pmpmrlm ^  mMt-m hmm h®m «»tisr«etojpily «*-
plai»4.» W&'%h.m  ^ e-ria®mt» A@mM %« ©saadiaeteA witli a wM# 
variety mt toelf©!*  ^ ge»i®r»l.i»«ti-OBB- aat  ^ atade* .Hio- appli-
eati©.iif.«f  ^fe«®iitatio.ii t® Hdllia^sie aateriai# ©r 
m® <i©ter»i»ti« tfe# tre«lwi«it &t ®«6t« #6Xlml0Si« ffiate?ialft 
t© mU^ »r« ^mM r«#&iv0 study*, 
fii® ImwatifRti®®. $M tlii® tkasla w&» e«,2rri  ^ ©tat with 
rilt#r p»f®r as tli® »ow©». mf ia ©iHSer t# ©Itoinat# 
®»a|f miatoiKiWB »# pessitel®# fto® tata presents «iiw 
tli® fi®M ®f ©ttMtaei «iaa wyy eonsMemtoly liier«as«id toy 
tai® m»« @f prof^r e«iie«3ttti»tiQ® ©f mtrleist#* P«gulat4®ii, «f 
fl &m& WiB ©iiipioyaEBiat &t tli® irofer tea^emture* 
Bl# prsseuttii i®. la^eatigfttiQa my »ii»ettris«d 
mm 
3.« IteAer tte« m&iaA%%t&m- me  ^and witii tto« dult^e <^Ioy«d 
tto.e i^r iai« f>.r®«ltsetl@B of mtimm&t wa# 5®®^* 
t* A mt &#M f» p@jp l€f© of aMoaltsB. eblaa?--
t«l« «,» & •©ai'e# ©f aitif®s:®a* 
A euoeeat^ttos #f g* X0@ ce# '©f 4i*p®ta»«iaBi 
plifeQ-sqpijst® aa m mt pk®.«pim%®« 
4» e«:i.#.ii» to tJatii o.oid g* 
f«F WQ #s» a«#r«fi#d tlj® yieli #f etlbusuael* 
S# 1Ia#@r tfe® ©©ttiitloB* @f «3J|»@rimests, with &&.$mtmi(in%m 
t*l©« ansa with the @al%mF«s « ,pS ®f 7»6 t« 8»0 
gm<» th® h%.^m% yi»M# «f 
§.» A ©si.»®©fei?att@!i ©f «®i3.ml©se ®f 3 g* per iOO ce.. wa» 
f©uisa t® 'hm m&st ®®tisfa«t®ry f««p fcla© ®xp®ri»^tal work* 
f* Wnd®!' th® eoi^itlsm ©f th© ©xperinftBt aM with tlMi 
ettltujp®® ©s^layet, a«r«ti« tii® fl@M ©f e-th&mX* 
&m «.f l3fter®as®€ t,h® y.l®M ©f ©tiMiiiol. It 
al*# ia©re«,«@d tti® <i@eo«|i®sStim of ®#liul®8e.* fh® yieM of 
aei#® m&m thaa %!»% ®f ©thswiol# 
S# ®i® Riai.t%i©ii #f •glncmm 4id. aot iaereaa® th« d®eGn^®sl« 
tioii ©f 00a©®atJ?«%ioB« mp to &hmi% ©.sgs of glii®®®® 
•so* 
ffep IQ® ee» im©r««»©i tli® yielia ®f etiiaoiil,. Taut 
4.mrms^A .tl» fteM*. ^iMmu® t&rmTM the pr^duetifm ot 
asiii#* l#fe&t©€ issaltorlag i» gXmmm ».dSji wit& 
til® t© i@s® i%m power* 
1®» fti® friaeipal ^mmmm ,|n?e«met8 mt tii® f®ffaentatie® wetra 
fsaiift, t© to®. emrlWB Ciossld® aM bfar®g#»# p»re®iifcage of iaydro-
g#a in tlm g»®®» wa« tortog e^ply part ot 
ttie fli# @f oMrhom dlosiMo Im the g&aem mm.m 
mqml tm 3.® p«i* e®nt ©f ttj© mllnMm fey wight, liepeaiiiiig, 
•ttp#a tli# lietttmilgliig agrafe yieM «f hydrogea, wa» 
a.|>©*it 0»2S (i«iit toy weight ®f th« ©ullmlos® &M«a# 
XI# M f®*watafet«s at mi^er #thtrwi»« ©ptiaaaa ©oi»ti-
ti.#as, yi«lA®4 m*M p&r #«Bat mvhm ^XmMmp, 24*4 ®«Bt ¥oXa-
til# a0l€#t SS-#® f@r ©«i3  ^ per mmt toutanoX  ^0»71 
pef ©leat sixgart §.ii3SS ,p«r e#iit hy<S,iwg«n,> 0*244 peai» e«at 
iKi-sa-UfQJlatil® a,eM®, ©n©^- ,p®r ©®i  ^ I2«3S per c©i  ^&£ a 
aa.terl»l ®@XaM® in aeids' aat ia ba««a^t aag 3»g2 per 
•®«at ®f feasi  ^ #a th© @dlIi2X#sa mtgimllf 
pWBBmmtrn fh« t@tal re#»®.ry w«# ^«4ta jper eajafe liy wight* 
-©I.-
mmwrnlli i.#»••,». «si Bmmii,. #.»S» 
lii#-* &t ##1I^0S© aj3dl asaterlftl 
,1  ^ %, i0S»ia.®» 
©a.i*%#r» B#S* 
I f g i #  @ f  e a r M a y < S m t © » *  K a s t e r ' s  
I@w® Stat# i#lle.g®« is* 
it@4» ftos# &f «.e»tl© »!»& im%sfrl.e a©£d«» J* 
Sioii# 
Kto0a»ij»j.. t* 
W^M* B:ig0st,t«a d« la gar 3JI f3.©r« i&te«timXe 
!%-»»• Aam,. I»«t« 
.^ ngpsil* 1* 
X93E* ##llti3.®-»« f«»®»tatS.0B.» 3.0 S®«» ©&«)»» IM#, SI, 
988-@@«» 
%» li»i# I#t« 
with rm'mrmmm t© 
ife# of kt©p» ana tep©wei**» 3o®* 
mm* XM,* 
I»|W# A»l» Imn&tmllt. Hm 
M®m I6»i©:a ©» %ti® »0ti©3a  ^ ©.f tjaetcapim mm e«3,Xuloai« 
mrntm 
I*#:* &£[€ f*l« 
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